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Physicists at Cambridge University, UK, have
developed a method to make quantum
electronic devices using an AFM.
The EEL technique allows them to create
and change quantum devices and circuits
and is useful for studying quantum phe-
nomena, possibly providing a route to solid-
state quantum computing.
Dr Rolf Crook and colleagues used an AFM
to define QEWs and QEDs on the surface of
a GaAS wafer. The Veeco Instruments (for-
merly Park Scientific) microscope tip,
biased to -6 volts,‘draws’ patterns of charge
on the surface, and these deplete electrons
from a 2D ‘sheet’ of electrons in a layer of
AlGaAs beneath the surface. The scanning
probe system is home built and the experi-
ments carried out at 20mK.
The technique allows the team to tailor
properties of the components, such as
their size and shape, and to link individual
components into more complex circuits.
The pattern detail can be wiped out by
retracing them with the tip biased to +3
volts. Alternately the whole surface is
erased by red light.
“We have only used the technique on
GaAs,” says Dr Crook.“To work on other
materials, a high density of partially occu-
pied surface states must be available. I
understand this is the case for silicon but
not for oxidised silicon. However, silicon
devices tend to be enhancement mode
and therefore require a surface gate, so
EEL would not work. P-type GaAs
devices suffer from leakage so I suspect
the EEL charge lifetime would be short.”
“We are working on a new experiment
which can directly image the charge drawn
on the semiconductor surface (something
we couldn’t do before). Once this is work-
ing, we will be able to routinely investigate
different material systems. A material
which can support a higher charge density,
may enable higher EEL resolution.With the
correct materials or surface coating, room
temperature operation should be 
possible.”
The Cambridge team now plans to
improve the resolution of the technique
by using a smaller probe, or by moving
the electron sheet closer to the surface,
and to investigate phenomena such as
quantum decoherence and fractals in
quantum dots.
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“EEL device is an optical image showing the
alignment grid and the surface electrodes where
the EEL patterns are drawn. We use the align-
ment grid to locate the central region when
working at low temperature,” says Dr Crook.
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